The population rise and industrialization has resulted in the uncontrolled and untreated discharges of various toxic chemicals from different industries and these toxic chemicals cause's very serious pollution problems. Microbial degradation of toxic pollutants is one of the important way to remove the environmentally harmful compounds. The microorganisms metabolize or enzymatically transform the chemicals to less toxic metabolites. The present research emphasized on the biodegradation of mono-aromatic pollutants like Benzene, Toluene, Xylene and Phenol (BTXP) by a formulated microbial consortium constituted by Alcaligenes sp d 2 , Enterobacter aerogenes, Raoultella sp and Bacillus megaterium. Statistical design tools have been used for the optimization of different parameters which influencing BTXP biodegradation. The influencing parameters pH, concentration of BTXP and inoculum formulation was identified using Plackett-Burman design and was fine-tuned with Response Surface Methodology. The results specified that pH 6.25 and 250µl of 5% BTXP with the consortium formulated by mixing equal proportions ie, 3 ml of all the four bacterial isolates with OD 1,were found to be optimum for biodegradation. The degradation efficiency of the formulated consortium at its optimized condition was analyses by Fourier Transform Infrared Spectroscopy (FT/IR). About 96% of BTXP was degraded from the medium at the optimized condition and the spectral changes in FT/IR also recommended the effective removal of toxic chemicals from the medium.
INTRODUCTION
Accelerated industrialization produces increased hazardous waste products. Benzene, toluene, ethyl benzene, xylene and phenol together known as BTEXP with almost the same chemical structure are the second most abundant family of organic pollutants released as mixture in the polluted environment. BTEXP are classified as environmental priority pollutants 1, 2 . BTXP compounds are used as solvents and starting materials by different industries and produced on large scale [3] [4] [5] [6] . Exposure to BTXP is a global environmental problem now a day's. These toxic xenobiotics can produce neurological disorders and haematological effects, which may finally lead to aplastic anaemia and acute myelogenous leukemia. Pollution with these mono-aromatic hydrocarbons has been increasing and thus needs urgent remediation methodologies to remove these toxic compounds from our ecosystem. Biodegradation is the most attractive and public acceptable way to remove toxic pollutants 7 . Generally BTXP is encountered as mixture. Microbial consortium is more effective than single microorganism in the degradation of this organic mixture and the polluted sites are rich sources of metabolically active microorganisms 8. The successful eco application of organic mixture biodegradation such as BTXP demands the optimization of medium and growth conditions of the microorganisms. So the optimization is of prime important in the development of a bioprocess using appropriate formulated consortium. The number of conditions or parameters during biodegradation is optimized so far in a one-factor at a time approach, which is extremely time consuming. The statistically designed experiments provide a fast and effective way to face such difficulties 9. Very few studies are done on the optimization of various parameters leading to biodegradation of BTXP mixture using microbial consortia. Achievement of appropriate microbial consortia for biodegradation is still in the infant stage due to lack of optimized conditions and studies. To overcome the current difficulties, the present study makes use of efficient statistical tools currently available. Statistical tools like Plackett -Burman 10 and Response Surface Methodology (RSM) are more reliable and could reduce the errors in defining the effects of various conditions during the constructions of microbial consortia. A study reported that 71.82% and 79.53% removal of PAHs and crude oil were found at the optimum condition. The different parameters were optimized through Response Surface Methodology 11 . Optimization of parameters through response surface methodology reported diesel oil removal as 56.568% 12 .
In the present study, an attempt has been made for modelling and optimizing the BTXP biodegradation process. The study was designed to optimize various factors like pH, dose of inoculums, temperature, concentration of pollutants for the biodegradation of BTXP by a formulated bacterial consortium of -Alcaligenes sp d 2 , Enterobacter aerogenes SBS1, Raoultella sp SBS2 and Bacillus megaterium SBS3.
MATERIALS AND METHODS

Isolation of bacterial strains
Alcaligenes sp d 2 , a phenol degrading microorganism available in the culture collection center of School of Biosciences, Mahatma Gandhi University, was used as one of the primary member during biodegradation studies. The other isolates were collected from soil sample through enrichment technique. The soil sample was collected from detergent contaminated area. The soil enrichment was initiated by adding 0.136 mM benzene, 0.109 mM toluene, 0.093 mM xylene and 0.122 mM phenol to 1 g of soil in 100 ml Mineral Salt Medium (MSM). The enrichment progressed up to a maximum growth limiting substrate concentration of 0.545 mM benzene, 0.437 mM toluene, 0.372 mM xylene and 0.489 mM phenol and the soil sample was kept on a shaker at 150 rpm at room temperature up to five days. The isolates which could able to grow at the maximum growth limiting substrate concentration were selected 13 .
Identification of bacterial strains
The isolates screened through soil enrichment method were identified by performing Gram's staining and biochemical reactions. The identity of the bacterial isolates was confirmed by 16S rDNA sequence analysis using the forward primer sequence (5´-AGA GTT TGA TCM TGG CTC-3´) and the reverse sequence (5´-AAG GAG GTG WTC CAR CC-3´). The final concentration of the reagents was 1 mM MgCl 2 , 200 µM dNTP, 100 pmol primers and 50 ng DNA. Polymerase Chain Reaction (PCR) was carried out in MycyclerTM (Bio-Rad, USA) with the following PCR Cycle: one cycle at 94 o C for 2 min, followed by 35 cycles at 94 o C for 1 min, 55 o C for 1 min, 72 o C for 2 min, followed by final 2 min incubation at 72 o C and the PCR products were sequenced at Scigenome labs, Pvt Ltd, Cochin, Kerala 13 .
Microbial Consortia formulation
One loopful of each of the selected cultures was individually inoculated to 50 ml nutrient broth containing 50µl phenol, benzene, xylene and toluene and the flasks were incubated over night at room temperature at 150 rpm. From the culture the cells were harvested by centrifugation. The pellets were collected and suspended in physiological saline (0.85% NaCl) to obtain the inoculum of 1.OD concentration. The microbial consortium for biodegradation studies was formulated by mixing equal proportions ie, 3 ml of each culture.
Biodegradation studies
A defined Mineral Salt-BTXP (MS-BTXP) medium with the compositions (g/l): KH 2 PO 4 -1, (NH 4 ) 2 SO 4 -1, MgSO 4 .7H 2 O -0.5 and CaCl 2 -0.01 was used as the sample for the biodegradation studies. Benzene, Xylene, Toluene and phenol (99% purity) was purchased from Himedia Pvt. Ltd, India. Different concentrations of 5% BTXP were added to the basal medium. 100µl and 250µl of 5% BTXP was added to basal medium in Plackett-Burman design trials. The substrate concentration as per Response Surface Methodology was 6,6.25,6.5,6.75 and 7. The biodegradation was carried out for a time of 24 hrs and 48 hrs at pH between 6 and 7. All the conditions for the degradation studies were according to Plackett-Burman design ( Table 1 , 2 and 4). The cells were removed by centrifugation at 10,000 rpm for 10 minutes. The collected supernatant was subjected to solvent extraction with diethyl ether and subjected to FT/IR.
Process Optimization
Design Expert software version 8.0.7.1 was downloaded from the website www.statease. com and used to create the Plackett-Burman and Response Surface Methodology-optimal design matrices for analyzing the data.
Plackett-Burman design
An efficient tool for process optimization ie, Plackett-Burman design was used to define parameters that significantly influences BTXP biodegradation and to obtain smaller and easily manageable set of parameters. Eleven parameters like, 5% BTXP, different concentrations of inoculums-individual and as mixture, incubation time, incubation temperature and pH were examined with two levels: -1 to denote low level and +1 for high level ( Table 1 ). The percentage reduction of BTXP was treated as the response for each trial and was calculated using the equation, Control MS medium showed maximum absorption at 251 nm and the reading 3.98 was considered as initial OD.
Response surface methodology-optimal design
The parameters with significant effects on BTXP biodegradation, as recognized by Plackett-Burman design were additionally optimized with Response Surface Methodology (RSM) optimal design. The RSM design consists of 28 experiments in which each parameter were verified at five levels ( Table 2 ) and in multiple combinations with the other parameters. In RSM-optimal design, both numeric and categoric factors were used. pH and BTXP concentration were denoted as numeric and inoculum participation was denoted as categoric factor.
Data analysis
The significance of the model was analyzed through Analysis of variance (ANOVA). Design Expert software version 8.0.7.1 was used for the graphical analysis of the experimental data obtained.
RESLUTS AND DISCUSSION Identification of bacterial strains and formulation of bacterial consortium
The presence of mixture of organic compounds can affect the biodegradation fate by different types of microorganisms. Most of the contaminated sites are polluted with varieties of pollutants. So, biodegradation with single microorganism often results in failure due to many reasons 14 . These limitations may be overcome by microbial consortium with diverse biodegradation abilities 15 . Biodegradation of mixed organic pollutants like BTXP by a microbial consortium offers a very promising approach in terms of cost effectiveness and elimination of secondary xenobiotics. Biodegradation of BTXP mixture requires the cooperation of more than one species of microorganisms and bacteria, fungi and algae play key roles in the removal of such compounds 16, 17 . This mixture of contaminants acts as both energy and source of carbon for the growth of microorganisms and thus needs specific conditions for their biodegradation capacities.
Three bacterial strains Enterobacter aerogenes SBS1, Raoultella sp SBS2 and Bacillus megaterium SBS3 were selected as potent BTXP degraders through soil enrichment with benzene, toluene, xylene and phenol. The morphological and biochemical characteristics of all the three newly isolated strains along with Alcaligenes sp d 2 were represented in Table 3 . The gene sequence of 16S rDNA of SBS1 showed 100% similarity with Enterobacter aerogenes. The gene sequence of 16S rDNA of SBS2 showed 100% similarity with Raoultella sp. and SBS3 showed 99% similarity with Bacillus megaterium. The isolated strains were deposited in the GenBank database under the accession numbers Enterobacter aerogenes SBS1: KC758848, Raoultella sp. SBS2: KC758849 and Bacillus megaterium SBS3: KC758850.
Selection of important parameters with Plackett-Burman design
The biodegradation of BTXP has been shown to be dependent on several environmental and nutritional factors. To get maximum degradation rate, fine tuning and wise blending of these parameters are essential. This can be achieved by optimization procedures. The classical process optimization cannot study all the combinations of parameters and is too laborious. The Plackett -Burman and Response Surface Methodology (RSM) -optimal designs are well established in this field and optimize parameters on a few set of experiments 18, 19 . Plackett-Burman Model was used for the parameter optimization during the effective biodegradation of chloroxylenol 20 and crude oil 21 . The process optimization study by Dutta and Singh 22 with Plackett-Burman Model recognized Plackett-Burman design is a very useful statistical design tool which helps the investigator to find out the relative importance of various parameters. Therefore, attempt was made to improve the conditions of BTXP biodegradation by simultaneous comparison between two levels of several factors using the design. The information's in Table 4 showed variations from 84 to 96 % reduction of BTXP. This variation reflects the significance of optimization of parameters to achieve higher biodegradation. The data included in Table 5 has shown that pH (J), concentration of BTXP (A), and inoculum participants (G) along with Alcaligenes sp d 2 have statistical significant impact on biodegradation.
Optimization by Response surface methodologyoptimal design
The Plackett-Burman design model does not describe the interactions among different factors. Hence, the interactions among the selected parameters were calculated further by Response Surface Methodology-optimal design. Response Surface Methodology (RSM) is a collection of mathematical and statistical techniques allows the calculation of the optimum levels of different parameters based on a few sets of trials. The one factor at a time optimization approach often leads to misinterpretation of results due to the interactions between various factors 23 .
The individual and interactive influence of significant parameters was further optimized by Response Surface Methodology-optimal design. The actual levels of each parameter and the results were indicated in Table 6 . The highest % reduction of BTXP of 96 obtained at pH 6.25 and 250µl of 5% BTXP. The data obtained were fitted onto a quadratic model regression equation for the calculation of BTXP biodegradation as a function of pH, concentration of 5% BTXP along with inoculum participants. Table 7 indicated the validity of model by Analysis of variance (ANOVA). The Pred-R 2 of 0.2601 was in reasonable agreement with Adj-R 2 of 0.3251 and confirmed that the completed experiments were reliable.
The data obtained were used to create three dimensional response surface curves to find Journal of Pure and Applied Microbiology out the comparative effects of any two variables when the concentration of the third variable maintained at the ABCD level. The three dimensional response surface curve also showed comparative effects of any two variables, when the concentration of the third variable is maintained at particular level. An idea about the estimated range of the three parameters, which would result in maximum degradation of BTXP, was obtained from the figure. Fig.3 shows the interactive effects of pH and 5% BTXP on biodegradation when the inoculum participation maintained at the ABCD level. The highest % reduction of BTXP of 96 obtained at pH 6.25 and 250 µl of 5% BTXP.
Recently few studies reported the optimization of factors which influences the biodegradation process through Plackett-Burman and Response Surface Methodology. A research work reported that the concentration of microorganisms, phenol concentration, reaction time and the interactions between these factors are the most important factors which influences the phenol degradation process. These and 98% for benzene, toluene ethylbenzene and xyene was obtained at optimized conditions. The air flow rate had the most significant impact on BTEX biodegradation.
Fourier Transform Infrared spectroscopy (FT/IR) analysis of BTXP biodegradation
FT/IR analysis of uninoculated BTXP medium-control ( Fig.1) showed specific bands representing Benzene, Toluene, Xylene and Phenol. FT/IR analysis of consortium inoculated medium showed the absence of many of the specific bands of BTXP on biodegradation. The structural changes indicated in the representation of C-H stretch, C=C stretch, C-O stretch and C-H bends in the FT/IR analysis spectra indicated the effective biodegradation of BTXP by the formulated consortium in the optimized condition (Fig.2) . The three bacterial isolates selected through soil enrichment method along with Alcaligenes sp d 2, have the capability to grown at this concentration of BTXP and no inhibitory effects were shown among the strains.
The pH of the mineral salt medium plays an important role in the microbial growth and enzyme activities during biodegradation. A study on BTEX biodegradation 26 indicated that a pH 6-8 was optimum for BTEX biodegradation and the degradation was inhibited at pH 5, 9 and 10. A bacterial strain Bacillus cereus ATHH39 was selected as a potent toluene degrading organism and the conditions for better degradation were optimized as pH 6.72, 33.16°C, and toluene concentration of 824.15 mg/l through response surface methodology 27 .
Biodegradation process was analysed by comparing the FT/IR of uninoculated control BTXP mixture with FT/IR of biodegraded BTXP mixture. A phenol degrading bacterium Alcaligenes sp d 2 28 were successful in degrading all the four pollutants in the mixture of BTXP. The newly isolated BTXP degrading strains through soil enrichment, Enterobacter aerogenes SBS1, Raoultella sp SBS2 and Bacillus megaterium SBS3 were selected as the potent degraders of phenol and benzene, toluene and xylene, and phenol and benzene respectively 13 . The structural changes in the FT/ IR spectrum and introduction of vibration in the range 1000-1300 cm -1 and 1625-1750 cm -1 indicated the presence of C=O stretch of ketones, C-O stretch of esters and carboxylic acids.
CONCLUSION
Biotechnological applications for waste management have need of the development of a mixed biological system for the detoxification of environmental pollutants. The findings concluded that the optimum condition for BTXP biodegradation were pH 6.25 and 250µl of 5% BTXP with the consortium constituted by mixing equal proportions ie, 3 ml of all the four isolates Alcaligenes sp d 2, Enterobacter aerogenes, Raoultella sp and Bacillus megaterium with OD 1. The selected variables indicated significant effects on the biodegradation of BTXP. At the optimum condition the degradation study was able to achieve the maximum removal efficiency of 96% for BTXP mixture. This structural change in the FT/IR spectrum during degradation confirms the effective degradation of BTXP present in the MS-BTXP medium. The application of the optimized microbial consortium can serve as a versatile participant for the treatment of Benzene, Toluene, Xylene and Phenol from polluted environments.
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